An Inverse Method for Supersonic Flowfield with Given Downstream Boundary by 韩伟强 et al.
2016年4月
第37卷 第4期
推 进 技 术












中图分类号：V211.3 文献标识码：A 文章编号：1001-4055（2016） 04-0624-08
DOI：10.13675/j. cnki. tjjs. 2016. 04. 004
An Inverse Method for Supersonic Flowfield with Given
Downstream Boundary
HAN Wei-qiang，ZHU Cheng-xiang，YOU Yan-cheng，LI Yi-qing
（School of Aerospace Engineering，Xiamen University，Xiamen 361005，China）
Abstract：For the controllable design of exit parameters in supersonic flowfield，a new method of solving
the inverse Cauchy problem，referring to the Method of Characteristics applied in the Goursat and Cauchy prob⁃
lems，is proposed to calculate the domain of dependence according to known downstream condition. On this ba⁃
sis，an inverse method for supersonic flowfield with the uniform flow condition is further developed. The valida⁃
tion of three typical cases （axisymmetric internal compression flowfield，two-dimensional planar flowfield and
external conical flowfield） shows that results obtained by the inverse method agree well with those obtained by
forward MOC，which verifies the feasibility of the inverse method and expands the thought of supersonic flow⁃
field design effectively.






















































































∇·( )ρV = 0 （1）
动量方程
ρDVDt + ∇p = 0 （2）
声速方程















dydx ± =λ± = tan( )θ ±α （马赫线） （5）
相容性方程组
ρVdV + dp = 0（沿流线） （6）
dp - a2dρ = 0（沿流线） （7）
Ma2 - 1






yMa cos( )θ ±α = 0
（沿马赫线）
（8）








































Fig. 2 Goursat problem in axisymmetric internal cone
flowfield
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收缩流场区域 ABC的过程是一种典型的柯西问题。
Fig. 5 Cauchy problem in axisymmetric internal cone
flowfield
求解图 5流场区域 ABC的具体步进过程如图 6
所示：已知入射激波上系列点 B1，…，Bn。由点 B1和点
B2确定点 A2，重复上述单元过程依次确定点 A3，…，An
的坐标和流动参数。图 6中过点 Bn和点 An的流线即
为可以产生指定激波形状的内收缩型线。
Fig. 6 Solving process of cauchy problem in axisymmetric
internal cone flowfield
需要注意的是，由点 B1和点 B2确定点 A2的过程
与一般的特征线内点过程［25］不同，运用到了流线与
逆行特征线相交的求解过程。如图 7，点 1发出的流









6.5；入 射 激 波 形 状 选 为 二 次 多 项 式
y = -0.03x2 - 0.2x + 1。

















边值线上系列点 A1，…，An。由点 A1和点 A2确定点 B2，
重复上述单元过程依次确定点 B3，…，Bn的坐标和流
动参数，从而完成上游相应流场的求解。
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（a）Flowfield obtained by forward design
（b）Flowfield obtained by inverse design
（c）Pressure distribution along the same streamlines
Fig. 11 Comparison of forward design and inverse design
flowfields in inverse Cauchy problem
Fig. 12 Design idea of inverse solution method in the























（a）Mach number contours of flowfield obtained by forward design
（b）Mach number contours of flowfield obtained by inverse design
（c）Pressure distribution along the same streamlines
Fig. 13 Comparison of forward design and inverse design
















（a）Mach number contours of flowfield obtained by forward design
（b）Mach number contours of flowfield obtained by inverse design
（c）Pressure distribution along the same streamlines






















Fig. 15 Axisymmetric external cone flowfield
（a）Mach number contours of flowfield obtained by forward design
（b）Mach number contours of flowfield obtained by inverse design
（c）Pressure distribution along the same streamlines
Fig. 16 Comparison of forward design and inverse design













y = 0.005x2 - 0.2x + 1的轴对称内收缩流场；来流马赫
数 6，内收缩型线方程 y = 0.01x2 - 0.25x + 1的二维平
面 流 场 ；来 流 马 赫 数 6.5，外 压 缩 型 线 方 程
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